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Purpose: This study was carried out to investigate the effi-
Oocyte activation is a series of events triggered bycacy of electric stimulation before and/or after intracytoplas-

mic sperm injection (ICSI) on bovine oocyte activation and the fertilizing spermatozoon and is essential for the
embryo development. beginning of embryonic development. However, the
Methods: The oocytes were treated with electric shock before mechanism of oocyte activation is still poorly under-
(B), before and after (B&A), and after (A) sperm injection. stood. Moreover, there is some concern on how oocyte
In each group, sham ICSI (ICSI-s) was performed to exclude activation proceeds after intracytoplasmic sperm injec-
the effect of parthenogenesis (B ICSI-s, B&A ICSI-s, and A tion (ICSI), which bypasses the normal sequence of
ICSI-s). An electric pulse was applied with a single direct

fertilization events, such as penetration of zona pellu-current (DC) pulse (0.8 kV/cm, 70 msec).
cida (ZP) and fusion between the plasma membraneResults: One pronucleus (PN) formation in the B&A ICSI-s
of both gametes (1).group was slightly higher than that found in B and B&A

Calcium has an important role in the events of eggICSI group; however, the difference was not significant. Two
activation and early development. Human oocytes fer-PN formation in B&A ICSI group was higher than that found

in sham ICSI groups (P , 0.05). There were no differences tilized after ICSI can develop a calcium response simi-
among treatment groups in the cleavage rate; however, mor- lar to normal fertilization, but the beginning of the
ulae and blastocyst formation in the B&A embryos was sperm-induced calcium response is always consider-
significantly higher than that of other groups (P , 0.05) ably delayed after ICSI (2). Edwards and Van Steir-
and got pregnant. teghem (3) hypothesized that oocytes are activated by
Conclusions: Electric stimulation before and after injection

the injection of high calcium medium during ICSIwas an effective method in inducing bovine oocyte activation
procedure. The activation of an oocyte is then initiatedand in sustaining embryo development to the morulae and
not by the ICSI procedure but by a sperm-associatedblastocyst stage.
oocyte-activating factor (SAOAF) released from the

KEY WORDS: Bovine oocyte; electric stimulation; embryo devel- injected spermatozoon (1, 4). However, bovine ICSIopment; intracytoplasmic sperm injection; pregnant.
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MATERIALS AND METHODS into the oocyte cytoplasm, its membrane having first
been broken by cytoplasm aspiration. The spermato-
zoon was injected into the ooplasm with a smallCollection and Maturation of Oocytes
amount of medium. Prior to injection, each individual
spermatozoon was immobilized by damaging theThe ovaries were obtained from Korean native cows

(Hanwoo) at a local slaughterhouse and were brought plasma membrane of the midpiece by exerting pressure
with the tip of the injection pipette.to the laboratory in physiological saline (0.9% NaCl)

at 378C within 3 hr. Cumulus–oocyte complexes were
collected by aspirating follicles 5–8 mm in diameter. Treatment for Oocyte Activation
These were cocultured on granulosa cell monolayer
with culture medium (TCM199 supplemented with The denuded oocytes were activated using three

methods of electrical stimulation. The first method10% fetal calf serum) at 398C, 5% CO2 incubator for
22–24 hr. delivered an electric stimulation at 30–90 min before

(B) injection. The second method delivered an electricGranulosa cells (GCs) were obtained from large
follicles ($20 mm) that were not contaminated with pulse 30–90 min before and after (B&A) microinjec-

tion. The last method delivered the electric pulse atred blood cells and were centrifuged at 700 3 g for
5 min. The supernatant was decanted. The GC pellet 30–90 min after (A) injection. Each sham ICSI group

was treated with the same electric stimulation withoutwas resuspended with culture medium (3 ml) and cen-
trifuged two times at 300 3 g for 5 min. Then the sperm injection. The electric stimulation procedure

was as follows. The oocytes were placed in a chamberpellet was diluted to 1 3 106 cells/ml concentrations.
Several GC microdrops (50 ml) were placed on the filled with 0.3 M mannitol solution containing 0.1 mM

MgSO4, 0.05 mM CaCl2, and 0.05% BSA for 5 minculture dish (3001, Falcon) and covered with mineral
oil (M-8410, Sigma, USA). The dishes were left at equilibration. After the equilibration time, the five to

six oocytes were moved into an electrode wire chamber398C, in a 5% CO2 incubator for 1–2 hr until
oocytes transferred. (0.5 mm apart) and aligned with the electrode by 6 V

of alternating current (AC). Electric stimulation of
oocytes was applied using a single direct current (DC)Preparation of Cryopreserved Semen
pulse (0.8 kV/cm, 70 msec; Electric Cell Manipulation,
BTX2001, USA) in the same solution. All the activatedCryopreserved Hanwoo bull semen was thawed by

placement of the straws at room temperature for 10 oocytes were washed three times and transferred into
the culture medium drop.sec and then plunged into 378C water bath for 1 min.

Sperm washing was performed by diluting semen with
5 ml (Brackett and Oliphant) medium (9) containing Assessment of Pronucleus Formation
10 mM caffeine and centrifuged at 700 3 g for 5
min. After two centrifugations, the supernatant was To assess pronucleus (PN) formation, about one

third of the treated embryos were mounted on glassdiscarded and the final pellet was gently resuspended
with 1 ml BO medium supplemented with 10 mg ml slides at 17–18 hr after stimulation, fixed with fixative

solution (acetic acid: methanol 5 1:3) for less than 24heparin, 5 mM caffeine, and 3 mg/ml bovine serum
album (BSA). The sperm were allowed to swim up hr, and then stained with 0.3% acetic lacmoid.
for 1–2 hr at 398C, 5% CO2 incubator.

In Vitro Development
Intracytoplasmic Sperm Injection

The last treated zygotes were cocultured with bovine
oviductal epithelial cells in 20 ml culture media micro-Matured bovine oocytes were treated with hyaluron-

idase (1 mg/ml, type IV-S, Sigma, USA) for 3 min, drop. Half of culture medium was replaced with new
medium every 48 hr. Assessment of embryonic devel-and the cumulus cells surrounding oocyte were gently

removed by pipetting. Injection of the spermatozoa opment was recorded at medium exchange.
was carried out as described by Goto et al. (10). Briefly,
the oocyte was held by holding pipette [inner diameter Embryo Transfer
(ID) 10–20 mm, outer diameter (OD) 140–150 mm]
and the injection pipette (ID 7–8 mm, OD 8–9 mm) Two embryos that developed to blastocyst stage

obtained 7 days after sperm injection were nonsurgi-containing a single spermatozoa was introduced deeply
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cally transferred to the uteri of synchronized recipient “oocyte activation.” During normal fertilization, fusion
of the membranes is followed by the unification ofcattle. Pregnancy diagnosis was by ultrasound and rec-

tal palpation after 48 days. oocyte and sperm cytoplasm. It is reasonable to assume
that during or following this fusion process, a SAOAF
is released into the ooplasm (11). During ICSI, how-Statistical Analysis
ever, membrane fusion is bypassed, and how oocyte
activation proceeds is unclear. Swann et al. (12)The PN formation and the proportions of embryos

developed to # 4-cell and blastocyst stages were ana- reported that damage to the sperm plasma membrane
prior to injection would be necessary to allow alyzed using Fisher’s exact test. Differences below the

0.05 probability level (P , 0.05) were considered SAOAF to leave a spermatozoon.
Unlike other species, the activation and cleavagestatistically significant.

rate of sperm-injected bovine oocytes are low (6, 10,
13, 14). A major cause of this low development rate
is that bovine oocytes cannot be successfully activatedRESULTS
by the simple injection of spermatozoon including
cytoplasm aspiration into injection pipette (5). Previ-The PN formation rate of ICSI and sham ICSI group

embryos are shown in Table I. Although 1PN formation ous experiments in our laboratory had reconfirmed
that ICSI-only bovine oocytes failed to attain cleavagerates in the sham ICSI groups were slightly higher

than ICSI groups; however, the difference was not (unpublished data).
Recently, artificial stimulation to accelerate anstatistically significant. Particularly significant differ-

ences were noted in the B&A ICSI group embryos increase of calcium in the ooplasm has demonstrated
an improvement in the rate of oocyte activation (15).compared to sham ICSI groups in 2PN formation (P ,

0.05). Three PN formation SD was noted in B&A The mechanism, however, by which artificial stimuli
generate oocyte activation is unclear. It had been sug-ICSI-s and A ICSI groups, but the difference was not

significant. There were no differences in the cleavage gested that increases in cytoplasmic calcium at fertil-
ization are important for the resumption of the cellrates between each group; however, the developmental

rate to morulae and blastocyst stages of B&A ICSI cycle in all species examined (16, 17). Oocytes are
normally arrested at metaphase of meiosis II at thegroup was significantly higher than that of other groups

(P , 0.05), except A ICSI group (Table II). One of time of ovulation, due to cytostatic factor, which coun-
teracts the activity of stabilized meiosis promotingthe two transferred blastocysts obtained from B&A

ICSI group became pregnant and has been ongoing factor. Calcium elevation by artificial stimulation
induces an inactivation or destruction of cytostatic fac-until now (6 months).
tor, resulting in a resumption of meiosis event (18).

The Ca ionophore or ethanol has been used to stimu-
late oocyte activation and embryo development. WhenDISCUSSION
injected oocytes are activated by 10-min incubation in
50 mM of Ca ionophore before and after injection,In all animal species, the fertilization process initi-

ates a cascade of events in the oocyte, which is termed cleavage rates are 21–38% and 2.5–6.7% of the

Table I. Pronucleus Formation of Injected Oocytes by Electric Stimulation

Pronucleus formation (Mean 6 SD)
No. of

Treatment oocytesa 1 PN 2 PN 3 PN

Before ICSI 25 4 (16 6 7.7) 9 (36 6 9.8)
ICSI-s 24 7 (29.2 6 7.2) 4 (16.7 6 7.2)

Before and ICSI 28 4 (14.3 6 6.7) 16 (57.1 6 11.4)b

after ICSI-s 28 12 (42.9 6 8.5) 2 (7.1 6 6.4) 2 (7.1 6 6.4)
After ICSI 26 6 (23.1 6 10.4) 10 (38.5 6 11.2) 1 (3.8 6 3.6)

ICSI-s 28 7 (25 6 7.1) 4 (14.3 6 5.1) 2 (7.1 6 5.7)

a Three sets of replications.
b B and A ICSI was significantly higher on 2 PN formation than other groups.
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Table II. Development of Treated Embryos Treated with Electric Stimulation

No. of embryos developed to (%)
No. of No. of cleavage

Treatment oocytesa (Mean 6 SD) #4-cell 5- to 16-cell M 1 B

Before ICSI 48 16 (35.4 6 3.6) 12 (25) 3 (6.3) 1 (2.1)
ICSI-s 44 13 (29.5 6 5.8) 8 (18.2) 5 (11.4) 0 (0.0)

Before and ICSI 46 20 (47.8 6 7.3) 7 (15.2) 7 (15.2) 6 (13.0)b

after ICSI-s 45 18 (40 6 7.9) 6 (13.3) 12 (26.7) 0 (0.0)
After ICSI 52 18 (34.6 6 5.3) 9 (17.3) 7 (13.5) 2 (3.8)

ICSI-s 45 11 (26.7 6 4.7) 3 (6.7) 7 (15.6) 1 (2.2)

a Three sets of replications.
b Was higher than B on M 1 B.
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